ISSN 1392 - 1207. MECHANIKA. 2007. Nr.1(63)
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Nomenclature

a - semimajor axis, m;
b - semiminor axis, m;
p - lubricant pressure, P;
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P =-—"—— - dimensionless pressure;
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w - load carrying capacity;
h,’ w o .
W = —————— - dimensionless load carrying capa-
uhy z7a’o
city;
At - response time;
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AT = ————- dimensionless response time;
2ura‘b

k=D - the aspect ratio;

@ - permeability of porous facing;
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y =-—- dimensionless porosity ;
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4 - absolute viscosity of the lubricant, Pa.s;

; - magnetic susceptibility, m*/kg;
M, - permeability of the free space, N/A?
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1. Introduction

Archibald [1] analyzed the performance of a
squeeze film between various geometrical configurations.
Later on Wu [2, 3] investigated a squeeze film behavior for
mainly, two types of geometries namely, annular and rec-
tangular. Prakash and Viz [4] developed some aspects of
the analysis incorporated in Wu [2, 3] and obtained the
load carrying capacity ultimately leading to time height
relation for squeeze film between porous plates. This arti-
cle considered various geometries like circular, annular,
elliptical and rectangular. Besides, infinitely long rectangu-
lar plates and conical plates were also subjected to investi-
gation. Further, a comparison was made between the
squeeze film behavior of various geometries of equivalent

surface area, other parameters remaining the same and it
was found that circular plates had the highest transient load
carrying capacity. Murti [5] dealt with the performance of
the squeeze film between curved circular plates, describing
the film thickness by an exponential expression. Murti’s
analysis was further developed by Gupta and Vohra [6]
who discussed the squeeze film behavior between curved
annular plates.

All the above studies considered the conventional
lubricant. The application of magnetic fluid as a lubricant
was investigated by Verma [7]. The magnetic fluid consid-
ered in this paper consisted of fine magnetic grains coated
with a surfactant and magnetically passive solvent. Subse-
quently, Bhat and Deheri [8] studied the squeeze film be-
havior between porous annular disks using a magnetic field
oblique to the lower disk. This analysis of Bhat and Deheri
[9] was improved by them in 1992 to analyze the behavior
of a magnetic fluid based squeeze film between curved
circular plates. Patel and Deheri [10] discussed the per-
formance of a magnetic fluid based squeeze film between
curved annular plates. They [11] also considered magnetic
fluid based squeeze film between two curved plates lying
along the surfaces determined by secant functions. Re-
cently, Deheri, Patel and Patel [12] investigated the mag-
netic fluid based squeeze film behavior between rotating
rough annular plates.

In this article we seek to analyze the configuration
of Prakash and Viz [4] regarding elliptical plates in the
presence of a magnetic fluid lubricant.

2. Analysis

The configuration of the bearing system is pre-
sented in Fig. 1.
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Fig. 1 Configuration of the bearing



It consists of two elliptical plates each of
semimajor axis a and semiminor axis b. The upper plate
has a porous facing of thickness H which is backed by a
solid wall. It moves normally towards the lower plate with

hO

uniform velocity h, where h, is the central film

thickness. Assuming axially symmetric flow of the mag-
netic fluid between the plates under an oblique magnetic

field M whose magnitude vanishes at the boundary is
given by

2 2

X z
M 2 = ab{l—g—b—zj

Now under the usual assumptions of hydrody-
namic lubrication the associated Reynolds equation gov-
erning the film pressure p (Prakash and Viz [4], Bhat and

Deheri [8], Patel and Deheri [10, 11]) comes out to be

o o 12 uh
_2 + _2 p = 3
ox” oz h> +12¢H
Thus, the dimensionless film pressure P satisfies
the equation
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Solving this equation with the concerned bound-
ary conditions

P(X,,Z,)=0 ; X*+Z7=1

we obtain the pressure distribution as
6
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Then load carrying capacity of the bearing can be
expressed in nondimensional form as
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The time At taken by the upper plate to reach a
film thickness h, starting from h, can be determined in
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dimensionless form from the equation
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3. Results and discussion

It is obvious from Egs. (2) - (4) that the dimen-
sionless pressure, load carrying capacity and response time
depend on several parameters such as u*,  and the as-

pect ratio k. These parameters respectively, characterize
the effect of magnetic fluid lubricant, porosity and dimen-
sions of the bearing system. A close glance at these equa-
tions reveals that the dimensionless pressure and load car-
rying capacity get increased by

A g A L
2z k? 4z k?

respectively, as compared to that of the results of Prakash
and Viz [4].

Figs. 2,3 present the variation of load carrying ca-
pacity with respect to magnetization parameter for various
values of the aspect ratio and porosity respectively. These
two figures indicate that the load carrying capacity in-
creases with respect to the magnetization parameter while
decreases with respect to porosity. Also, it is clearly seen
that the increase of aspect ratio causes increased load
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Fig. 2 Variation of load carrying capacity with respect to
w* for various values of k where = 0.001
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Fig. 3 Variation of load carrying capacity with respect to



* for various values of y where k= 0.4
carrying capacity. Figs. 4, 5 deal with the variation of load
carrying capacity with respect to the aspect ratio for vari-
ous values of the magnetization parameter and porosity
respectively. These two figures suggest that the load carry-
ing capacity significantly increases with increasing mag-
netization parameter and aspect ratio while it decreases
sharply with respect to the porosity. Lastly, in Figs. 6, 7 we
have the distribution of load carrying capacity with respect
to w for various values of x* and k respectively. Here

also the load carrying capacity decreases considerably with
respect to the porosity but the magnetization parameter
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Fig. 4 Variation of load carrying capacity with respect to k
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marginally compensates this reduction. It is interesting to
note that the porosity effects are negligible up to the order
of approximately 0.001. This is probably due to the com-
bined effect of magnetization and aspect ratio. In addition,
it is observed that the response time follows the trends of
load carrying capacity wherein, the aspect ratio plays a key
role. This investigation reveals that the negative effect in-
duced by the porosity can be neutralized to a considerable
extent by the magnetization parameter for a suitable choice
of the aspect ratio. Besides, this article tells that the aspect
ratio must be given due consideration while designing the
bearing system even at is the presence of magnetic fluid
lubricant.
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MAGNETINIO SKYSCIO PLONASIENES PLEVELES
TARP ELIPSES FORMOS PLOKSTELIU
SUDARYMAS

Reziumé

Straipsnyje tyriné¢jamos ir analizuojamos plona-
sienés plévelés, sudarytos tarp akyty elipsés formos ploks-
teliy magnetiniu skyséiu, eksploatacines savybes. Cia kaip
tepamoji medziaga naudojamas magnetinis skystis, o iSori-
nis magnetinis laukas yra pasvirgs apatinés plokstelés at-
zvilgiu. Slégio pasiskirstymui tarp ploksteliy nustatyti,
esant tam tikroms krastinéms salygoms, buvo sprendzia-
mos Reinoldso lygtys. Tai panaudota nustatant sistemos
laikomaja galia bei skaiCiuojant jos reakcijos trukmg. Gauti
rezultatai pateikti grafiskai. Pastebéta, kad sistemos laiko-
moji galia did¢ja didéjant jmagnetinimo parametrui, ypac
esant pakankamai dideléms sistemos formos koeficiento
vertéms. Akytumas iki tam tikry verciy sistemos laikomaja
galig veikia mazai, bet véliau, jam didéjant, laikomoji galia
labai sumazéja. Didéjant guolio formos koeficientui siste-
mos laikomoji galia didéja. Tai ypac rysku esant santykinai
dideléms jmagnetinimo parametro vertéms. Esant mazoms
imagnetinimo parametro vertéms vyrauja guolio formos
koeficientas. Sis tyrimas rodo, kad guolio formos koefi-
cientas yra be galo svarbus parametras net esant stipriam
imagnetinimo laukui. Straipsnyje parodoma, kad akytumo
sukeltas neigiamas efektas gali bati kompensuojamas pla-
¢iame diapazone parenkant tinkama guolio formos koefi-
ciento ir jmagnetinimo parametro verciy kombinacija.
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MAGNETIC FLUID BASED SQUEEZE FILM
BETWEEN POROUS ELLIPTICAL PLATES

Summary

An attempt to study and analyze the performance
of a magnetic fluid based squeeze film between porous
elliptical plates has been made. The lubricant used here is a
magnetic fluid and the external magnetic field is oblique to
the lower plate. The associated Reynold’s equation is
solved with suitable boundary conditions in order to obtain
pressure distribution. This is then used to get the load car-
rying capacity leading to the calculation of response time.
The results are presented graphically. It is noticed that the
load carrying capacity increases with respect to the mag-
netization parameter considerably for a sufficiently large
range of aspect ratio. It is observed that although porosity
effects are negligible up to a certain extent, load carrying
capacity decreases significantly with respect to the poros-
ity. Further, it is seen that the load carrying capacity in-

creases with respect to the aspect ratio. This increase is
quite considerable especially, when the magnetization pa-
rameter is relatively large. However, for lower values of
the magnetization parameter the effect of aspect ratio
dominates the effect of magnetization parameter. This in-
vestigation suggests that the aspect ratio has a very signifi-
cant effect even if a strong magnetic field is applied. This
article reveals that, the negative effect induced by the po-
rosity can be compensated to a large extent by choosing a
suitable combination of the aspect ratio and the magnetiza-
tion parameter.
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CO3JIAHME TOHKOCTEHHO! TVIEHKH MEXY
ABYMS ITOPUCTBIMU INIACTUHAMU C
[NOMOILBIO MATHUTHOU XXUJKOCTU

Peszome

B pabote wmccnmenmyercss W aHaNIU3UPYETCsT DKC-
IUTyaTallMOHHBIE CBOMCTBAa TOHKOCIOWHOW IUICHKH, 00pa-
30BaHHOM NPY NOMOIIM MarHUTHOM >KMIKOCTH, HaxoJIs-
mieiicss MeXXy ABYMS MOPUCTBIMU IUTACTUHKAMHM SJUTHITH-
yeckor (hopmbl. Mex 1y MIaCTHHKaMH B KA4€CTBE CMa304-
HOT'0O MaTre€puajla HCIIOJb3YyCTCA MarHuTHasd XUAKOCTbL H
BHEIIIHEE MAarHWTHOE II0JIE€ HAKJIOHEHO OTHOCHUTEIBHO
HUkHeH mnacTUHKU. C 1eNnblo yCTaHOBJICHUS 3aKOHA pac-
TIpe/IeNieHNs IaBJICHHUsT MEX/Ty IIaCTHHKAMH, TIPH Olpe/ie-
JICHHBIX TPaHUYHBIX YCIIOBUSIX pEIICHO ypaBHeHHe Peii-
HOJIbJICA. DTO OBUIO HCIIONB30BAHO IIPH YCTAHOBJICHUH
HECYyIEH CIOCOOHOCTH M BPEMEHH PEaKIMH YCTPOHCTBA.
[NoyyeHHbIe pe3ysbTaThl NPECTaBICHbl B rpaguecKoM
BHUJIE. Y CTaHOBIICHO, YTO HECyllas CIOCOOHOCTh CUCTEMBI
YBEJINYMBACTCS MPU YBEIWYCHUH IapaMeTpa HaMarHW4u-
BaHMs. OCOOEHHO ATO OYEBUIHO MPH OOJBIIMX 3HAUCHHUIX
ko3 dunmenta Gopmsl cuctemsl. [lo onpeneneHHoro 3Ha-
YeHHs MOPUCTOCTh IUIACTHHOK Ha HECYIIYI0 CIIOCOOHOCTD
CHCTEMBI OKa3bIBa€T HE3HAYHMTENIHLHOE BIMSHUE, OIHAKO
npu OOJIBIIEM YBEIMUSHUH TOPUCTOCTH YIOMSHYTBIH Ia-
paMeTp yMeHbluaeTcss 3HauuTenbHO. llpu yBenmueHumn
ko3(¢punrenta (Gopmbl MOIMIMITHUKA HECylias Crocoo-
HOCTh CHCTEMBI YBEIWYHBACTCS. YBEIWYeHHE OCOOCHHO
TIPOSIBIISIETCS. TIPU OTHOCHUTENBHO OOJBIIMX 3HAUYSHWH Ta-
paMeTpa HaMarHWYUBaHWA. [Ipy ManbIX 3Ha4YeHHWH Tapa-
MeTpa HaMarHUYUBAaHUS JTOMUHHPYIOIIYIO POJIb HIPaeT
ko3 dunment Gopmsl noammnHuka. Mcenenosanne noka-
3BIBACT, YTO KOAPPHUIHEHT (HOPMBI TOJIINITHIKA SBIICTCS
0c000 Ba)XHBIM [TAPaMETPOM CHUCTEMBI JJaKe TIPH CHIIBHOM
NoJIe HAMarHMYKMBaHus. B cratbe packprIT daxT, 4To Hera-
TUBHBIA 3((EKT, BBI3BAHHBII MOPUCTOCTHIO, MOKET OBITH
KOMIIEHCHPOBaH M0J00pOM KOMOHMHAIMK Kod(duireHTa
(hOpMBI TIOAIMMITHUKA M MapaMeTpa HaMarHWYWBaHHS O
HOBPEMEHHO.
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